Background {#Sec1}
==========

Prematurity and low birth weight is a major risk factor for neonatal morbidity and mortality \[[@CR1]\]. Premature birth is more common among male infants than female infants \[[@CR2]\], and among twins, there is a higher incidence of premature births of male-male premature twins than female-female or female-male twins \[[@CR3], [@CR4]\]. Furthermore, mortality rates and short-term morbidity are higher among male premature infants than females \[[@CR5]--[@CR9]\].

Studies revealed that the prognosis of males who are part of a male-male pair relative to a female-female pair is less favorable \[[@CR10]--[@CR12]\]. This difference is particularly prominent mainly in regard to respiratory morbidity, especially respiratory distress syndrome (RDS) \[[@CR11], [@CR13]\]. Shinwell et al. \[[@CR10]\] showed that male/male twins were at increased risk for death, RDS, pneumothorax, bronchopulmonary dysplasia (BPD), periventricular hemorrhage (PVH) and periventricular leukomalacia (PVL) \[[@CR10]\].

Recently two studies were published on comparisons between males and females in cases of mixed gender twins. Zhao et al. \[[@CR14]\] showed that males had an increased risk of mortality, lower Apgar score and higher incidence of RDS. However, Ahrenfeldt et al. \[[@CR12]\] presented conflicting results, with no differences in mortality rates between males and females \[[@CR12]\].

Due to the conflicting data, we conducted a study based on our population. Since very low birth weight premature neonates are the most vulnerable \[[@CR15]\], we chose to examine this population subgroup in order to better reflect the gender differences regarding the outcome.

Methods {#Sec2}
=======

We conducted a retrospective review of all the premature mixed gender twins that were born at Shamir Medical Center (Assaf Harofeh) between the years 1995 and 2016 (158 newborns). Inclusion criteria: birth weight of less than 1500 g. Exclusion criteria: twins who were born dead and babies with severe structural and/or chromosomal abnormalities. Details of the perinatal and post-natal course until the discharge date or death were recorded. Medical data in regard to morbidity and mortality was collected. A comparative evaluation was done between the male and female groups. The study was approved by the Institutional Ethics Committee at Shamir Medical Center (Assaf Harofeh) (Ref: 0073--17-ASF).

In each group, complications of prematurity and post-neonatal complications were examined until discharge from the neonatal intensive care unit. The data includes: delivery room information (birth weight, birth weight adjustment for gestational age, Apgar scores, neonatal status of the newborn, umbilical cord pH, resuscitation in the delivery room); and Neonatal Intensive Care Unit information \[early and late sepsis, period of oxygen enrichment required, surfactant use, length of mechanical ventilation, length of hospitalization stay (LOS), RDS, necrotizing enterocolitis (NEC), periventricular leukomalacia (PVL), periventricular/intraventricular hemorrhage (PVH/IVH), bronchopulmonary dysplasia (BPD), retinopathy of prematurity (ROP) and mortality\].

Since the comparison was made between the twins, it was possible to overcome confounding factors related to genetics, exposures during pregnancy and birth, and social and demographic factors.

Clarifications {#Sec3}
--------------

Weight Z score was presented by Fenton growth charts. PH levels refer to the umbilical cord blood pH levels. The need for resuscitation refers to the need for resuscitation in the delivery room. Invasive ventilation refers to mechanical ventilation via an endotracheal tube. Noninvasive ventilation refers to continuous positive airway pressure (CPAP) induced through a mask. Early/late onset of sepsis refers to sepsis presenting before/after the first 72 h of life. Outcome score is a calculated score between 0 and 6 and based on six parameters (mortality, BPD, NEC, ROP stages 2--4, PVH/IVH grades 3--4, PVL) with a weighted value of 0--1 \[[@CR16]\].

Statistical analysis {#Sec4}
--------------------

Categorical variables were described using frequency and percentage, and sequential variables were described using mean and standard deviation. Continuous variables were calculated using a t-test. The difference between the two groups dependent on categorical variables was performed using the McNemar's test. The difference between the two groups dependent on ordinal variables was performed using the Wilcoxon test. For dichotomous variables, data was analyzed using mixed model logistic regression, which took into account the dependence between twins in order to predict the probability of mortality and complications. For sequential variables, data were analyzed using mixed linear models that took into account the dependence of the twins, and the explanatory variables were the subjects' sex, the birth week, the Z score of the twin weights, and birth order. Data analysis was performed with the statistical software IBM SPSS statistics 24. The value of *P* \< 0.05 was considered as statistically significant.

Results {#Sec5}
=======

Data on 162 premature mixed gender twins was collected, from them 2 twin pairs were excluded, due to death at birth and chromosomal abnormalities. There were 158 twins included in the final study, divided into 2 equal groups (males and females). The characteristics of the participants are illustrated in Table [1](#Tab1){ref-type="table"}. Among 77 pairs out of the total number of 79 pairs, the delivery method was the same, whereas in 2 pairs the delivery method was different (cesarean versus vaginal delivery). Regarding the birth weight, 87.3% of males and 82.3% of females were in the appropriate for gestational age group while 12.7% of males and 17.7% of females were in the small for gestational age group. In order to take into account the week of birth and the newborn's gender with respect to weight, Z scores were calculated for neonatal weights using Fenton growth charts. Table 1Characteristics of the participantsCharacteristicsMale (*N* = 79)Female (*N* = 79)*p*-valueMeanSDMeanSDBirth weight (grams)1141.1284.61076.8275.80.015Weight Z score−0.1950.825−0.1440.8640.571Apgar 1 min7.42.17.32.10.702Apgar 5 min8.71.78.81.60.712PH7.170.987.30.70.311N (total = 79)%N (total = 79)%Vaginal delivery1215.21417.70.500^a^Cesarean delivery6784.86582.3First born4455.73544.30.368SGA1012.71417.70.503^b^AGA6987.36582.3LGA0000Resuscitation5164.66570.90.267Weight Z score is according to Fenton growth charts. PH refers to levels in the umbilical cord. Birth weight is in grams corrected for gestational age. Resuscitation refers to neonatal resuscitation in the delivery room. ^a^Refers to mode of delivery (vaginal and cesarean together). ^b^Refers to SGA, AGA and LGA together. *AGA* appropriate for gestational age, *LGA* large for gestational age, *SD* standard deviation, *SGA* small for gestational age

Table [2](#Tab2){ref-type="table"} describes the prognostic variables of neonates. No statistical significance was found between the groups. Table 2Outcomes: Comparison between the GroupsCharacteristicsMaleFemale*p*-valueMean (days)SDMean (days)SDLOS57.334.354.130.30.428Total ventilation18.926.515.921.90.246Invasive ventilation9.718.78.6160.578O2 enrichment25.631.323.827.30.585TotalN (%)TotalN (%)*p* valueSRT7943 (54.4)7943 (54.4)1.000RDS7852 (66.7)7852 (66.7)1.000BPD7817 (21.8)7815 (19.2)0.744NEC782 (2.6)781 (1.3)0.344ROP6913 (18.8)669 (13.6)0.625PVH/IVH735 (6.8)725 (6.9)1.000PVL582 (3.4)603 (5)1.000Early onset sepsis783 (3.8)780 (0)0.250Late onset sepsis754 (5.3)747 (9.5)0.344Mortality799 (11.4)7911 (13.9)0.727MeanSDMeanSDp valueOutcome score0.60.80.50.80.394Total ventilation (days) includes nasal CPAP and invasive ventilation. Early onset sepsis refers to sepsis presenting in the first 72 h of life. Late onset sepsis refers to sepsis presenting after 72 h of life. Outcome score is a calculated score between 0 and 6, based on six parameters (mortality, BPD, NEC, ROP stages 2--4, PVH/IVH grades 3--4, PVL) with a weighted value of 0--1. *BPD* bronchopulmonary dysplasia, *CPAP* continuous positive airway pressure, *LOS* length of stay (hospitalization days), *NEC* -- necrotizing enterocolitis, *PVH/IVH* periventricular/intraventricular hemorrhage grade 3--4, *PVL* periventricular leukomalacia, *RDS* respiratory distress syndrome, *ROP* retinopathy of prematurity stages 2--4, *SD* standard deviation, *SRT* surfactant replacement therapy

Multivariate analysis, using a mixed regression model, took into account the dependence between the twins in order to predict the risk of death and complications such as RDS, BPD, ROP, PVH/IVH, NEC, and PVL. The explanatory variables were the gender of the subjects, gestational age, the Z score of the twin weights, and the birth order. A significant association was found between the Z scores of birth weight and ROP; for each unit increase in Z score there was a 0.425 reduction in risk for ROP (*P* \< 0.015, CI 0.214--0.845). No significant relationship was found between the newborn's gender and the specific complications.

In addition, an analysis was performed for continuous variables using mixed linear models, which took into account the dependence of the twins in order to predict the number of days of hospitalization, number of days of oxygen supplement, number of days of ventilator support, number of days of intrusive ventilator support, Apgar score after 5 min and pH in the umbilical cord. The explanatory variables included in the model were the subjects' sex, the birth week, Z score of the twin weights and the order of birth. No significant relationships were found between the gender of the newborn and the specific variables. A significant correlation was found between the gestational age and all the variables examined, except for pH in the umbilical cord. For each additional week of pregnancy there was a decrease in the number of hospitalization days, ventilator support (invasive and non-invasive) and length of oxygen supplement treatment (Table [3](#Tab3){ref-type="table"}). In a mixed model logistic regression the main outcomes were associated with lower gestational age. The only other association was found between lower birth weight and NEC (Table [4](#Tab4){ref-type="table"}). Table 3Linear Mixed Model -- Clinical Characteristics and OutcomeVariableMaleFemale*p*-valueLOS (days)Gender3.310.421GA−5.160.000Z score−6.120.079Order2.080.616O2 enrichmentGender2.080.536GA−6.010.000Z score−1.760.529Order3.100.364Invasive ventilation (days)Gender2.670.224GA−5.030.000Z score−0.210.928Order1.840.498Total ventilation (days)Gender1.220.531GA−3.370.000Z score−1.050.518Order1.800.363Apgar 1 minGender0.060.756GA0.490.000Z score0.100.600Order−0.260.197Apgar 5 minGender−0.030.746GA0.340.000Z score0.210.080Order−0.080.455PHGender−0.170.204GA0.040.218Z score−0.100.257Order−0.200.13Estimate -- the amount of change in the dependent variable for each increase of one unit in the independent variable. Estimate regarding gender -- male versus female. Estimate regarding order -- first born versus second born. Total ventilation (days) includes nasal CPAP and invasive ventilation. PH refers to levels in the umbilical cord*CPAP* continuous positive airway pressure*, GA* gestational age, *LOS* length of stay (hospitalization days) Table 4Association between Variables and Outcomes^a^95% Confidence Interval of the DifferenceVariableParameterSignificanceExp (Coefficient)LowerUpperMortalityGender0.6300.7210.1882.757GA**0.020**0.4780.2570.887Weight0.5070.9980.9931.003Order0.9651.0300.2693.941RDSGender0.8190.9350.5261.663GA**0.000**0.5100.3760.692Weight0.2841.0010.9991.003Order0.8580.9490.5341.687BPDGender0.3641.3290.7172.465GA0.1050.7990.6091.048Weight0.0590.9980.9961.000Order0.7841.0900.5872.024NECGender0.1783.5660.55822.790GA0.2831.2400.8361.839Weight**0.003**0.9920.9880.997Order0.9121.1170.1577.939ROPGender0.1941.5820.7893.171GA**0.000**0.3640.2110.600Weight0.1010.9970.9951.000Order0.7070.8730.4301.776PVH/IVHGender1.0001.0000.2074.838GA0.4740.4740.2051.096Weight1.0001.0000.9941.007Order1.6701.6700.3527.920PVLGender0.6320.6350.0984.125GA0.7320.8950.4711.700Weight0.7620.9990.9941.004Order0.5501.7640.27011.513Resuscitation in delivery roomGender0.1650.7090.4361.153GA**0.007**0.6140.4310.875Weight0.7361.0000.9981.001Order0.9601.0120.6261.637^a^Analyzed by a mixed model for logistic regressionBoldface- *P* value \<0.05, considered significant*BPD* bronchopulmonary dysplasia, *NEC* necrotizing enterocolitis, *PVH/IVH* periventricular/intraventricular hemorrhage grade 3--4, *PVL* periventricular leukomalacia, *RDS* respiratory distress syndrome, *ROP* retinopathy of prematurity stages 2--4, *RDS* respiratory distress syndrome, *GA* gestational age

Discussion {#Sec6}
==========

Our study suggests that there are no significant differences in neonatal and post neonatal mortality and morbidity among different gender preterm twins with birth weight less than 1500 g. Birth weight was found to be significantly higher in males; however, in the calculation of Z score for weight depending on gender and gestational week at birth, there was no significant difference between males and females. In the logistic regression model, a significant association was found between the Z score of the weight and ROP. For each increase in standard deviation in the Z score, the odds of ROP decreased. In addition, a significant correlation was found between the week of birth and most of the prognosis variables examined (including mortality, RDS, BPD, ROP, LOS, length of mechanical ventilation and oxygen supplement duration); with each additional gestational week at birth reducing the risk of the detailed prognosis variables and increasing the Apgar score at 1 and 5 min.

Zhao et al. \[[@CR14]\] reported that males had an increased risk of mortality, lower Apgar score and higher incidence of RDS. Their data and review of the literature did not reveal the exact mechanism for this phenomenon, and the exact process that affects the gender related difference in morbidity and mortality is still unknown. Zhao et al. studied a large number of neonates from all ranges of birth weight and gestational age. We chose only very low birth weight neonates since this population is the most vulnerable and sensitive in term of morbidity and mortality \[[@CR15]\]. From our point of view, this highly sensitive population may reflect better the differences between genders. Regarding RDS, it has been suggested that several gender related factors and hormones have a role in lung development and surfactant production during the intrauterine period \[[@CR17], [@CR18]\]. In terms of neurological morbidity, Nuñez et al. \[[@CR19]\] discussed the possibility that estradiol, whose values are high in early embryonic development in males, increases the vulnerability of males to neurological disease. Higher cerebral blood flow in male infants was suggested as an optional cause for the difference in this morbidity, as well \[[@CR20]\]. Females who were exposed to fetal distress were found to have higher catecholamines in their umbilical cord compare with males. This phenomenon may be indicative of more effective coping by females with fetal distress \[[@CR21]\]. In addition, it was suggested that androgens play a role in immunosuppression and hence males are more susceptible to morbidity \[[@CR22]\].

Similar to our study, a recent study found no differences in mortality rates between males and females in cases of mixed gender twins \[[@CR12]\]. It was suggested that the difference in morbidity and mortality between premature male-male twins and premature female-female twins represents a male disadvantage as opposed to a female advantage and that this disadvantage may be transferred from males to females in unlike-sex twin pairs, perhaps via an intrauterine paracrine effect \[[@CR10]\]. Melamed et al. \[[@CR4]\] noted that females who are part of a pair of male-female twins had respiratory and neurological complication rates similar to males and higher than that of females who are part of a pair of female-female twins. This finding was also concluded by Steen et al. \[[@CR11]\].

Birth order was also studied as a variable. Armson et al. \[[@CR23]\] studied the relationship between birth order and neonatal complications among newborns of different gestational ages including \<34 weeks of gestational age, a group corresponding to the population in our study. It was found that a second-born, regardless of gender and birth weight, was at increased risk of neonatal complications. In the study of Armson et al. the second twins were less likely to suffer excess morbidity with elective cesarean. This may partially explain the results of our study, since the majority (\> 80%) of the newborns were delivered by cesarean section. It should be noted that among twins of different sexes, when the second child was male, more neonatal complications were observed, and when the second twin was female, a similar trend was observed without statistical significance. In a sub-analysis of neonatal complications, among infants born at 34 weeks of gestational age, the second twin had an increased risk of RDS relative to the first twin. Furthermore, it was found that among twins in whom only one had a defined neonatal complication, the risk of second-born complications of intubation, low Apgar scores, mechanical ventilation and RDS was increased relative to the first twin. In addition, the risk of mortality was increased in the second twin when the birth weight was less than 1500 g (similar characteristics to our study population). It should be noted that in this study, as in the current study, the overall analysis revealed no significant differences between the first and second born infants \[[@CR24]\].

One of the findings in our study was the inverse association between the week of gestational age at birth and neonatal and postnatal complications among twins of opposite gender. The higher the gestational week at birth, the lower the chance of death and complications, regardless of gender. Similar findings on the relationship between the week of birth and neonatal complications were discussed in a previous study \[[@CR25]\]. In our study, a logistic regression model revealed the association between early birth gestational week and low weight Z score as independent risk factors for ROP. This finding is consistent with the study of Lundgren el al \[[@CR26]\]., which indicated a similar association among newborns in relation to the gestational week of birth.

The limitations of our study are the retrospective nature and the low number of participants. However, it presents our experience among preterm mixed gender twins and reinforces the assumption of no gender differences in the outcome, when comparing between mixed gender twins.

Conclusion {#Sec7}
==========

Our study suggests that there are no significant differences in neonatal and post neonatal mortality and morbidity among different gender twins with very low birth weight. Our results support the need for further studies.
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AGA

:   appropriate for gestational age

BPD

:   bronchopulmonary dysplasia

CPAP

:   continuous positive airway pressure

GA

:   gestational age

IVH

:   intraventricular hemorrhage

LGA

:   large for gestational age

LOS

:   length of stay (hospitalization days)

NEC

:   necrotizing enterocolitis

PVH

:   periventricular hemorrhage

PVL

:   periventricular leukomalacia

RDS

:   respiratory distress syndrome

ROP

:   retinopathy of prematurity

SD

:   standard deviation

SGA

:   small for gestational age

SRT

:   surfactant replacement therapy
